
T H E  UTILISATION O F  BASIC SLAG. 

B Y E .  J. RUSSELL, D.Sc., F.R.S., DIRECTOR OF THE ROTHAMSTED 
EXPERIMENTAL STATION. 

The utilisation of basic slag in agriculture is one of those import,anb 
developments in agricultural science for which the credit is due in 
the first instance t o  British investigators. The possibility of utilising 
basic slag was put  t o  practical test by the late John Wrightson a t  
Ferryhill and a t  Downton in 1884 and 1885, and, in spite of some 
opposition on theoretical grounds by pther workers, a good case was 
made out. The first field experiments were carried out in the south 
of England, bu t  the centre of interest soon shifted to the north, and 
the most striking tests were carried out a t  Cockle Park,  under t.he 
direction successively of Professor Somerville, Sir T. H. Middleton, 
and Professor Gilchrist. To these three more than  any others we owe 
the great advances in knowledge of the  use of basic slag. 

The standard experiments and t.he well known trials were all made 
with the Bessemer slag. If agriculturists could have been assured of 
a st'eady supply of, say, 300,000 or 400,000 tons per annum of high 
grade Bessemer slag containing some 20 per cent. of P,O,, there would 
have been no need for this discussion; the problem would have been 
the purely academic one of working out the constitution of the 
effective constituents of the slag. 

The int,roduction of the basic open hearth process, however, has 
threatened the supersession of t,he Besseiner process, and agriculturists 
can no longer feel certain of receiving adequate supplies of slag of the 
type to  which the old material beloGged. Three distinct substances 
are now used under the one name of basic slag :- 

(1) Bessemer slag, containing about 20 per cent. of P,O, (43.6 
per cent. tricalcic phosphate). 

(2) Open hearth basic slag, 7 to 14 per cent. P,O, (15.4 to 31 per 
cent. tricalcic phosphate). 

(3) Open hearth basic slag, 7 t o  10 per cent'. P,Oj (15.4 t o  21.8 
per cent. tricalcic phosphate), in the manufacture of 
which a considerable proportion of calcium fluoride has 
been used. 

The phosphorus of the first two types of slag is nearly all soluble 
(55 per cent. or more) in 2 per cent. citric acid under certain conven- 
tional coiiditions: t ha t  of the third type is not-only 20 per cent. or 
less dissolving. 

It may be said a t  once tha t  no important agricultural distinction 
between the first and second of these classes has been proved with 
czrtainty when the slags are used in  quantities containing equal 
amounts of phosphorus, and so far as present information goes, these 
slags are of equal value per unit of phosphorus to agriculturists. 
T h e  are, of course, dkadvantages in low-grade materials, in t,hat 
large bulks have to  bo handlrd, and therefore larger expenditure is 
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incurred, and deliveries t o  the farm or field may be delayed. B u t  
when allowance has been made for these items, there is no great 
difference between the two classes of slag. The third class, however, 
is somewhat different, and agricultural investigators generally agree 
that it is less effective than  the first two types, though they have 
not yet wholly succeeded in evaluating it. 

Broadly speaking, the problem resolves itself into three broad 
divisions : - 

(1) Wha t  is the sgricultural value of the various basic slags 
likely to be available in the near future 1 

(2) I s  this value related t o  the chemical constitution of the slag 
in any simple way t h a t  would allow of some chemicaI 
expression and on which a n  evaluation method might be 
based 1 

(3) Is it possible for the steel works t o  increase the phosphorus 
content of the slag and generally to  increase the effective- 
ness of the so-called low-grade slags 1 

The determination of agricultural value requires in general two 
distinct types of experiments-pot experiments and field trials. Pot 
experiments are more accurate than field trials, being much more 
under control: results can be obtained in a single season which are 
reliable within about 5 per cent. On the other hand, the rigid 
control of the conditions introduces a large element of artificiality, 
so tha t  the results are never final. In  the writer’s experience a 
positive result in pot experiments is not always paralleled by a posi- 
tive result in the field, as some nullifying factor may come into 
operation; on the other hand, a negative result in pot experiments 
is usually associated with a negative result in the  field. 

Although the pot experiment gives useful information, the field 
experiment has always to  be made before any idea can be formed 
as to  the economic importance of the factor under investigation. It 
is necessary also tha t  the field trial should be repeated on different 
types of soil and in different climatic conditions. Fortunately an  
organisation of agricultural investigators-the Agricultural Education 
Association-covers Great Britain, and enables co-operative trials t o  
be made. A n  extended trial of the three types of baeic slag is now 
being organised which should give much valuable information. 

The difficulty of studying this particular problem in the past has 
been to  obtain basic slag of known history. I n  one or  two instances 
a long, laborious agricultural investigation has h e n  deprived of much 
of its value because the slag supplied fo r  the purpose was not wpat 
had been promked. 

Field experiments when well carried out are liabIe to an error of 
about 10 per cent. Farmers’ trials are less reliable: the error may 
be anything from 20 to 100 per cent., or even more. 

Provided the supply of ba:ic slag of known origin can be acsured, 
the agricultural trials can be carried out by the sub-committee of the 
Agricultural Educational Association, which has been set up  fo r  
this purpose. 

W e  must now consider 
some of the general results. The old Bossemer slaq has proved in 
the farmers’ experience extraordinarily valuable for the improvem~nt  

So much for the method of investiqation. 
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of heavy grassland: no single fertiliser has been anything like as 
effective for this particular purpose The effect is mainly indirect, 
and is traceable to the  remarkable development of white clover which 
follows the  application of the slag. It is not yet ascertained whether 
this effect is due to direct action of phosphates on the plant, or whether 
the slag in  some way is helpful to the micro-organisms associated with 
the clover root. 

Whatever the cause, the result of t"his spread of white clover is 
to  increase the stmk of nitrogen in the soil, and add greatly to  the 
soil fertility. Further,  it adds considerably t o  the value of the 
herbage, clover being one of the best of the green foods available. 
Another factor also contributes to the nutritive effect : additions of 
phosphate to  the  soil tend to add t o  the phosphorus content of the 
crop, and this in tu rn  raises its feeding value. 

The use of Bessenier basic slag has not been restricted, however, 
t o  grassland. It has proved effective in  increasing yields of crops on 
arable land, particularly in the West and North. So far as the 
evidence goes, the feeding value of the  crop is also increased, though 
the experiments are not very numerous. 

As already stated, the open hearth basic slag made without fluor- 
spar has hitherto proved practically as effective as the old Bessemer 
slag when compared on the basis of equal amounts of phosphorus. 
The fluorspar slag, has, however, proved distinctly less effective in 
pot experiments and in Oldershaw's field experiments in Suffolk : 
it was also less effective (though quite good) in some of Robertson's 
field experiments in Essex. I n  the North and West, however, where 
the growing season is longer, it was nearly as good as the more soluble 
slag of the second type. We niay infer t ha t  the fluorspar slag would 
probably be more effective in  cool, moist regions than in hot, dry 
oiies, though more information is needed before a definite rule could 
be made. 

The chemical or physico-chemical problem of elucidating the con- 
stitution of basic slag and determicing the effective components is 
more difficult. 

It has always been assumed tha t  the phosphate was the effective 
constituent, this being the only one of the  three coninion fertilising 
constituents-nitrogen, phosphorus, and potassium-present. Soine 
importance used t o  be attached t o  the free lime until it was realised 
that not more than  2 t o  5 per cent. of free lime is present, so tha t  
the amount added to the ground is negligible. The Bessemer slag, 
however, produced effects on heavy grassland which could not be 
obtained by equivalent dressings of mineral phosphate or superphos- 
phate. It is necessary to find some explanation for this result, and 
usually in Great Britain i t  is assumed that the  phosphorus in basic 
slag is in the form of a silico-phosphate which may be assumed to  
differ i n  physiologica1 action from the ordinary phosphate. Hall and 
Morison" have shown tha t  silica affects the  intake of phosphorus by 
the  plant ; and the increased assimiliation they obtained when silica 
was added to phosphate may offer an  explanation of the efficacy of 
basic slag on grassland. 
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I n  France, on the other hand, considerable attention has been 
devoted to other constituents besides nitrogen, phosphorus, and 
potassium. Maze maintains that a large number of elements, in 
addition to those ordinarily recognised, including boron, aluminium, 
fluorine, iodine, chlorine, silicon, manganese, and zinc, are necessary 
for the full growth of the plant. Other workers have experimented 
with some of these as fertilisers, and have shown that manganese? 
and fluorine: compounds may give increases in crop. From the 
published details in the French papers it is not evident that  such 
increases would usually be obtained in the field, but; in so far as 
they are obtainable a t  all i n  soil, they indicate that other constituents 
of slag besides phosphorus are effective. Indeed, the manganese con- 
tent of  slags is actually determined in France. 

The experiments made in England with manganese compounds as 
fertilisers have not led to promising results. At" Rothamsted man- 
ganese dioxide and manganese sulphate were both tried : both suc- 
ceeded t o  a small extent in pate, but  failed in the field. At  Woburn, 
also, some degree of success was obtained in  the pot experiments. We 
do not, however, know of a single case in this country where mangaii- 
ese salts have given unexceptionable increases in crop in the field. It 
may always happen, however, that  other compounds would be more 
effective, and we have started in the pot culture house a series of ex- 
periments with slags of known manganese content in order to ascertain 
whether manganese in the form in which it occurs in slag behaves in 
any way differently from the oxide or  sulphate. 

The idea has been put forward (probably by some of the slag 
grinders) that the composition of basic slag is less important than the 
state of grinding. It is true, of course, that  a certain degree of 
fineness is necessary in order that  the slag may have some chance of 
acting : Collins § has adduced some evidence that the standard sieve 
of 100 meshes to the inch affords the best results: more extended 
experiments, however, might well be made. But there is no evidence 
whatsoever for supposing that fineness of grinding is the solel factor 
o r  is anything more than an important secondary consideration. It 
has been asserted that a 20 per cent. slag finely ground would have 
exactly the same effect as an equal weight of 30 per cent. slag finely 
ground, and therefore that  the low-grade slag ought to find Just as 
ready a market as the higher grade slag. Hitherto the claim has not 
been taken sufficiently seriously to justify any special investigation, 
and the direct experiments have always been with quantities of slag 
containing the same amount of phosphorus. 

There is, however, no indirect evidence even remotely suggesting 
that the addition of 5 to  10 cwt. per acre of a mere gritty substance 
would have any appreciable effect on the soil. Many attempts have 
been made in the past t o  improve clay soils by the addition of sand : 
they broke down because the amounts needed per acre were not B 
few cxlts., but many tons. The alteration of soil texture by addition 

*.4nnaZes Zmt.  Pastetir, i g ig ,  33, 139-173. 
*For manganese, see X\7. E. Brenchley. Ann. Bot., 1910, 2 4 ,  571-583; 

E. P. Dearrick, Come11 Univ. Ag. Mem., 1919, 19, 371-402; J. S. 
McHague, /ot!rn. Znd. EFtg. C h e ? ~ ? . ,  1919, r I ,  332-5. 

1919. 
I 68, 9.76. 

:For fluorme, see A. Gautier and P. Clausmann, Co??z)t 

London, 1918. 

Rend. 

$Plant  Products and Clieinical F e ~ t i l i s e v s .  
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of inert particles is very difficult, necessitating large amount of 
material. 

Reviewing all th3 evidence, I see no reason to  depart from the 
customary British method of regarding the phosphorus as the essential 
fcrtilising constituent in basic slag, though I am prepared to  admit 
tha t  a silico-phosphate might have a special fertiliser value, and tha t  
the basic nature of the slag is also important.; as to  the manganese, 
I have an  open mind, and we are starting a series of experiments a t  
Rothamsted on this problem. 

Assuming phosphorus to  be the essential fertiliser constituent, ib 
is by no means easy to discover the form in which the phosphate 
exists in the different slags, or even to  solve the purely analytical 
problem of devising a method which shall discriminate between one 
slag and another. I n  the early days there were attempts in Germany 
t o  mix cheap mineral phosphate with basic slag and to sell the mixture 
as a genuine article. The late Professor Wagner then devised his 
well-known citric acid test for basic slag, which has become the stand- 
ard method in most countries ever since. But ,  as Mr. Scott Robertson 
has shown, it does not help much for the evaluation of the new kinds 
of slag, and a new method seems called for. 

Perhaps the most pressing problem, however, is the enrichment 
of basic slags poor in phosphate. I n  the case of the Bessemer slag 
this problem does not arise, because it is to the steel maker’s interest 
to  have a pig iron rich in phosphorus, and hence the slag is neces- 
sarily rich. Bu t  in the basic open hearth richness in phosphorus is 
no t  essential; indeed, it is not even desirable, and the steel maker 
takes no steps to  ensure a phosphatic pig iron. When it is suggested 
tha t  the phosphorus content of the  pig iron might be increased 
deliberately with a view to improving the slag, the steel maker points 
t o  the relative prices of steel and slag, and reminds one tha t  the tail 
must not be allowed to wag the dog. Agriculturists must remember 
tha t  basic slag is a very subsidiary par t  of the steel maker’s business, 
and tha t  i t  cannot for a moment be allowed to  increase the time 
necessary for making the steel, nor in any other way t o  increase 
greatly the cost of working. 

On the other hand, the steel maker should realise tha t  the agri- 
cultural demand for good basic slag is likely t o  be greater than the 
supply. The consumption of basic slag has greatly increased during 
the war, and there is no sign yet t h a t  the limit has been reached. 
The figures for the consumption in the United Kingdom are, i n  tons 
per annum : - 

Year ending May 31st, Estimated amount utilisable: 
1919 Sir T H Yiddletan Sir Chas Fielding Pre-War 

263,000 50$,’:00 540,000 892,000 1,463,000 

It would be interesting to  know from the  steel makers what 
amount of slag calculated in terms of a slag containing 20 per cent. 
P,O, is likely t o  be producible in the near future. There are two 
distinct cases where cnrichment would be desirable : - 

(1) Slags containing less than  8 per cent. P,O, which a t  present 
are hardly used ; by enrichment these might become worth 
grinding. 
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26s T H E  UTILISATION O F  BASIC SLAG 

(2) Slags containing 8 to 12 per cent. P,O, ( i . e . ,  17.4 -26 per cent. 
tricalcic phosphate), which are already easily saleable, bu t  
which when sold on the  basis of P,O, content cost a dis- 
proportionately large amount in bagging, grinding, and 
freight. 

Assuming enrichment of t he  pig iron t o  be ou t  of the question, 

(1) Fractionation of the slag so as to  concentrate the phosphorus 
as much as Fossible in one par t  of the slag. 

This gives a product which can be more profitably handled by all 
concerned, though it does not increase, bu t  rather diminishes, the 
total  phosphorus supply. 

(3) Enrichment of the slag by adding finely ground mineral 

W e  are not yet in a position to  pronounce a final opinion on this 
latter method. I n  its favour may be urged the fact t ha t  mineral 
phosphates have distinct fertiliser value, which is apparently increased 
by ignition, and might well be increased by any interaction tak:ng 
place in the ladle. 

Against it is the  difficulty of detecting fraudulent additions of 
mineral phosphates to  slag, which might become common if there 
were any great difference in uni t  price between slag phosphate and 
mineral phosphate-and without some difference there would be little 
inducement to  the steel maker to enrich his slag. 

A further and perhaps more dificult problem is to improve the 
fluorspar slags, which a t  present are much less soluble in citric acid 
than  those made without additions of fluorspar. Although these 
insoluble slags have a higher fertiliser value than  was anticipated 
frcin the old citric acid test, they do  not appear t o  be as effective as 
the  more Eoluble ones. Not only is there a falling off in yield, bu t  
probably also in quality of the crop. P o t  experiments indicate tha t  
the plant takes u p  less phosphoric acid from an  insoluble fluorspar t han  
from a more soluble one ; agricultural experience shows tha t  increased 
assimilation of phosphoric acid increases the value of the crop as 
animal and probably as human food. 

Should it be impracticable to improve the fluorspar slags, there 
is still another possible solution. Agriculturists could no doubt find 
the precise soil and climatic conditions under which they would 
prove most effective, and efforts could then be  made t o  confine their 
use to those particular cases. 

t he  only two possibilities seem to  be :- 

phosphate in the ladle. 
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